Summary. The effect of acrosin on the gross morphology and macromolecular constituents of the mouse and sheep zona pellucida has been examined by light microscopy and SDS-PAGE following labelling of the zona with 125I. Ram and boar acrosin had similar effects on the sheep zona in that while there was no discernible alteration in the gross morphology of the investment it was proteolysed to the same limited extent by both enzymes; during 1 h major polypeptides of Mr 180 000 (present on the zona pellucida of eggs but absent from that of oocytes) and 80 000 were hydrolysed, giving rise to polypeptides of Mr 68 000, 54 000 and 46000, of which the last accumulated and represented the lowest molecular weight hydrolysis product. By contrast, the mouse zona pellucida was completely dissolved from the egg by ram acrosin and the investment's macromolecules were extensively hydrolysed.
Introduction
The molecular basis for sperm passage through the zona pellucida, the extracellular glycoprotein matrix which surrounds the mammalian egg, remains obscure. The fact that the sperm acrosome contains several hydrolytic enzymes (McRorie & Williams, 1974) has led to an acceptance of the concept that these are deployed to digest a pathway through the investment, and of these the proteinase acrosin (EC 3.4.21 .10) has been identified as possibly being the major 'zona lysin'. This attribution followed experiments that showed that proteinase inhibitors, not acrosin-specific, could impair fertilization in vivo and in vitro and that preparations of acrosin are able to dissolve the zona pellucida from the egg (see Brown, 1982, for references). In spite of this there has been some doubt about such a role because other functions for the enzyme have been indicated (Green, 1978; Lui & Meizel, 1979; Saling, 1981) and, in animals of some species, mainly the domesticated species, acrosin has no effect on the gross morphology of the zona pellucida (Brown, 1982;  unpublished results). However, more recently it has been demonstrated that, although boar acrosin has no effect on the zona pellucida as judged by light microscopy, the enzyme does effect a limited proteolysis of the investment which is detectable only at the molecular level (Urch, Wardrip & Hedrick, 1985; Dunbar, Dudkiewicz & Bundman, 1985; Brown & Cheng, 1985) . These results have provided an interesting contrast to the action of acrosin on the mouse zona pellucida which causes complete dissolution and removal of the investment from the egg (Brown, 1983) . Another serine proteinase, chymotrypsin, will also solubilize the mouse zona pellucida and in so doing inflict only a very limited hydrolysis of its component macromolecules (Greve & Wassarman, 1985) . The activity of acrosin on the mouse zona pellucida has not yet been investigated at the molecular level, neither has the action of highly purified homologous acrosin on the zona pellucida of a domesticated species other than the pig. This paper investigates both of these interactions using the sheep as a further domesticated species; in addition the proteolytic effects of homologous and heterologous acrosin on the sheep zona pellucida are compared. Preparation of pure acrosins. Ram and boar ß-acrosins were purified using procedures previously described (Brown & Hartree, 1978; Brown & Cheng, 1985) ; briefly these entailed removal from spermatozoa of endogenous acrosin inhibitor followed by acid extraction of spermatozoa and affinity purification of the enzyme using the acrosin inhibitor p-(p'-aminophenoxypropoxyj-benzamidine linked to Sepharose-4B.
Digestion of sheep zonae pellucidae with ram and boar acrosins. Groups of unlabelled ovulated sheep eggs were incubated at 39°C in medium containing ram or boar ß-acrosin at 1 mg/ml. After 3, 9 and 60min they were transferred to 002M-/>-aminobenzamidine, and washed thoroughly in medium. Each zona pellucida was carefully removed with a Leitz micromanipulator, labelled with 125I, and dissolved individually in electrophoresis buffer. Controls consisted of eggs similarly incubated in medium with and without 002 M-p-aminobenzamidine and of acrosins incubated at 1 -0mg/ml for the same periods, after which they were made 002m in/vaminobenzamidine and ethanol-precipitated for 125I-labelling and electrophoresis (see below).
Digestion of mouse zonae pellucidae with ram acrosin. Groups of~12 125I-labelled eggs were incubated at 37°C in medium containing 1 mg ram ß-acrosin/ml until their zonae pellucidae had either thinned to about one third their original thickness or had become completely solubilized. This took about 2 h and 3-5 h respectively after which time proteolysis was arrested by addition to the incubation of 002M-p-aminobenzamidine. Control eggs received the same treatment without acrosin. The eggs were then sedimented by centrifugation (500 g for 5 min), the supernatant removed and its protein content precipitated with 9 volumes of cold ethanol. After two washes in 90% (v/v) ethanol the precipitate was dissolved in electrophoresis sample buffer. Those eggs with remnant zonae pellucidae were resuspended in medium without bovine serum albumin and the remains of the investment were removed mechanically, combined and dissolved in sample buffer. The gross morphology of zonae pellucidae was assessed microscopically at 80 magnification.
12iI-labelling of zonae pellucidae and acrosins. To zonae pellucidae, either in situ (mouse) or detached from the egg (sheep), in 10 µ medium was added 2-5 µ reagent in 20 µ 01 M-borate buffer pH (Bolton & Hunter, 1973 (Fig. 1 A, track a) . Under non-reducing conditions ( Fig. 1 A, track b) , the polypeptide of Mr 60 000 was absent leaving only that of M, 75 000 with a spread of labelled material showing a lower molecular weight limit of Mr~5 5 000. The polypeptide profile of zonae pellucidae of eggs recovered from the oviduct and electrophoresed under non-reducing conditions was quite different (Fig. 1 A, track c) During the 1 -h incubation with acrosin the zona pellucida of ovulated eggs looked unaltered as judged by light microscopy. However, electrophoretic analysis on non-reducing gels showed that they had undergone a limited proteolysis (Fig. 1A, tracks d- Ram acrosin will digest and completely remove the zona pellucida from the mouse egg in such a way that the only morphological change discernible is a thinning of the investment which begins at the outer surface and progresses towards the egg (Brown, 1982) . It is therefore possible to judge very approximately the proportion of zona pellucida remaining around the egg at a given time during the digestion. Another feature of the dissolution of the mouse zona pellucida by acrosin is that the process is very uniform from egg to egg, making it possible to combine several eggs for this type of study. Figure 1 illustrates Ram acrosin used to digest mouse zonae represents a heterologous system but its use was necessary because of the difficulty in obtaining pure mouse acrosin, and is justified because (i) ram and mouse acrosin will completely remove the zona pellucida from the mouse egg (Brown, 1982 (Brown, , 1983 and (ii) the present results have shown the action of a heterologous acrosin on the zona pellucida to be identical with that of the homologous acrosin. The polypeptides detected in control mouse zonae of Mr 200 000, 105 000 and 75 000 are the glycoproteins ZP1 (Mr 200 000), ZP2 (MT 120 000) and ZP3 (M, 83 000), respectively, described by Bleil & Wassarman (1980) , although in the present experiments ZP2 and ZP3 have given lower molecular weight values. In preparation for an electronmicroscopical analysis of the structure of the mouse zona, Greve & Wassarman (1985) It is apparent from analysis on non-reducing SDS-PAGE that the composition of the zona pellucida of sheep eggs recovered from the oviduct is different from that of oocytes recovered from the follicle. In the pig there is a similar difference which is attributable to glycoproteins in the oviduct at oestrus that bind strongly to the zona pellucida immediately after ovulation (Brown & Cheng, 1986) . These glycoproteins of MT 250 000 and 90 000 behave as substrates for boar acrosin, and the same appears to be the case for the sheep in which the polypeptide of Mr 180 000 undergoes hydrolysis.
The role of acrosin in fertilization, particularly as a zona lysin, has been much debated (Morton, 1977; Bedford & Cross, 1978; Brown, 1982; Huneau, Harrison & Flechon, 1984) .
Support for the view that the enzyme is not involved in sperm penetration of the zona has stemmed in part from observations that in some species purified acrosins will not alter the gross morphology of the investment (Brown, 1982) . However, since it has now been demonstrated that homologous acrosin will alter the molecular composition of the pig (Brown & Cheng, 1985; Urch et al, 1985; Dunbar et al, 1985) and sheep (present results) zona pellucida and completely remove that of the mouse (Brown, 1983) , it seems ever more reasonable to consider that the proteinase is in some way involved in sperm penetration of this investment. The involvement may be in association with other acrosomal hydrolases, which the results for the pig and sheep tend to suggest, although it is possible that limited proteolysis of this relatively porous matrix is sufficient to reduce effectively its resistance to the thrust generated by the motile spermatozoon (Katz & deMestre, 1985) .
